During our attempts to reevaluate and improve mycobacteriology laboratory procedures, we found that isolation of mycobacteria from undecontaminated specimens through the use of selective media was unrewarding and that specimen decontamination was an essential step. A reevaluation of the N-acetyl-L-cysteine-sodium hydroxide (NALC-NaOH) decontamination procedure (G. P. Kubica, W. E. Dye, M. L. Cohn, and G.
Decontamination of clinical specimens such as sputum and urine is an important and critical step in the isolation of mycobacteria, and the mildest decontamination procedure which provides sufficient control of contaminants is likely to yield the best results (9) . In diagnostic laboratory practice, the routinely used decontamination methods have certain disadvantages: they kill many mycobacteria, the procedures are tedious and time-consuming, and there is an increased risk of specimen cross-contamination as well as occupational hazard. An alternative to specimen decontamination is the use of selective culture media, and their successful application in the isolation of mycobacteria from undecontaminated clinical specimens has been reported (5, 8) . We investigated the efficacy of this approach in a reference laboratory setting in which a large number of mailed-in specimens are processed.
The N-acetyl-L-cysteine-sodium hydroxide (NALCNaOH) method of Kubica et al. (2, 3) not only is considered to be one of the most satisfactory digestion-decontamination procedures but also is the most widely recommended and used technique for the isolation of mycobacteria from clinical specimens (9, 10) . In the NALC-NaOH method, specimens are digested and decontaminated in a single step during a 15-to 20-min treatment period. This step is followed by the addition of phosphate buffer (PB) or water to fill the centrifuge tube within 1 to 2 cm of the top, presumably to dilute the alkali and to lower the viscosity of the specimens. Mycobacteria are concentrated by centrifugation, and the sediment is resuspended in a minimal volume of bovine albumin solution (0.2%, pH 6.8) and used for cultures and smears. A chance observation in the St. John's laboratory indicated that the omission of the PB or water addition to digested specimens prior to centrifugation did not have a significant effect on the growth or isolation rate of the * Corresponding author.
mycobacteria. In a preliminary study, we demonstrated that this modification of the NALC-NaOH method in combination with a reduction of the recommended treatment time of 15 to 20 min had no adverse effects on the isolation of mycobacteria (S. Ratnam and F. Stead, Abstr. Annu. Meet. Am. Soc. Microbiol. 1983, C218, p. 348). Since the abovedescribed modifications improved, simplified, and shortened the NALC-NaOH procedure, we carried out additional laboratory studies and field trials of the modified protocol in diagnostic laboratory settings, the description and results of which form the main subject of this report.
MATERIALS AND METHODS
The efficacy of isolating mycobacteria from undecontaminated specimens through the use of selective media was determined by processing routinely submitted clinical specimens as previously described (8) . Specimens were liquefied in NALC and centrifuged; one portion of the resuspended sediment was directly cultured on selective media, and a second portion was decontaminated by the original NALCNaOH method (10) and then cultured on both selective and standard media.
Studies relating to modifications of the NALC-NaOH method were carried out in two stages: (i) the initial laboratory analysis series with sputum and urine specimens seeded with mycobacterial strains and (ii) the field trial series with routinely submitted clinical specimens. The test organisms for the initial series included Mycobacterium tuberculosis (21 strains), M. bovis (3 strains), M. kansasii (3 strains), M. marinum (3 strains), M. scrofulaceum (7 strains), M. xenopi (3 strains), M. gordonae (3 strains), M.flavescens (3 strains), M. avium (5 strains), M. intracellulare (8 strains), M. triviale (3 strains), M. nonchromogenicum (3 strains), M. fortuitum (11 strains), M. chelonae (M. chelonei) (17 strains), M. smegmatis (3 strains), and M. phlei (3 strains). Mycobacterial suspensions and sputum and urine specimens were prepared, and the test organisms were seeded into sets of tubes containing 10 ml of the specimens as previously described (7) . The seeded sputum and urine specimens were processed in triplicate by various modifications of the NALC-NaOH procedure, with a set of specimens processed by the original NALC-NaOH method (10) 2 ml of specimen, totalling 5 ml; 6 ml of digestant to ca. 4 ml of specimen, totalling 10 ml; or 7 to 9 ml of digestant to ca. 6 to 8 ml of specimen. totalling 15 mi. Care should be taken to balance the tubes in the centrifuge.) (iii) Each specimen is mixed on a Vortex mixer for about 15 s or until liquefied. (iv) The digested specimen is centrifuged at 2,500 to 3,000 x g for 15 min. (v) AlU of the supernatant is decanted, and the sediment is resuspended in about 1 to 2 ml of PB (0.067 M; pH 5.3). Note that the total alkali exposure time for individual specimens should be kept to a minimum, i.e., ca. 30 min, when 24 specimens are processed. Also, the NaOH concentration in the solution may be reduced from the usual 2%7 to 1.5% if necessary or feasible.
The NALC-NaOH procedure (10) or its modifications (see above) were used throughout to decontaminate specimens, and no more than 24 specimens were processed at a time. Specimens and reagents were brought to room temperature (24 to 25°C), and all procedures, including centrifugations, were carried out at this temperature; centrifugations were done at 3,000 x g for 15 min. The inoculum size was kept uniform throughout (0.1 ml), and the culture media used included selective 7H10 (S-7H10) medium (8) (10) .
RESULTS
To determine the efficacy of isolation of mycobacteria from undecontaminated specimens through the use of selective media, we cultured a total of 2,100 consecutive specimens (sputum, 59Yc; urine, 27%; and other specimens, 14%) on S-7H10 and S-LJ media without prior decontamination. The culture results, as compared with those for decontaminated specimens cultured on both selective and standard media, indicated that the former approach was unsatisfactory, owing to a significantly high rate of contamination, i.e., 39 versus 14.7%, respectively, for cultures on 7H media (P < 0.01) ( Table 1 ). The contamination rate was highest at 58% for undecontaminated specimens cultured on S-LJ medium, in contrast to 1 and 11%, respectively, for decontaminated specimens cultured on S-LJ and standard LJ media (data not shown).
In the laboratory analysis series carried out to modify the NALC-NaOH method, a total of 356 seeded specimens were tested, with the following results. The addition of PB or water to digested specimens prior to centrifugation only slightly neutralized the alkali, and its omission did not significantly affect the recovery, growth rate, or colony counts of most of the test organisms under controlled conditions. In fact, the addition of PB or water at times resulted in a poor recovery, owing to a greater dissolution of the particulate matter in specimens; the particulate matter appears not only to aid in sedimentation but also to help retain the bacteria in the sediment when the supernatant is poured off following centrifugation. Alkali tolerance was not a consistent feature among the mycobacterial species and strains tested, with the rapid growers being the most susceptible to a high pH. For this reason, the omission of PB was deleterious to these organisms, leading to decreased recovery rates because of the longer exposure to a higher pH during centrifugation. Nevertheless, additional studies carried out with rapid growers indicated that by reducing or eliminating the standard treatment time of 15 to 20 min and/or by decreasing the concentration of NaOH in the digestant solution from the usual strength of 2% to either 1.5 or 1%, we could easily overcome the adverse effect ( Fig. 1   through 4 ). These modifications, in fact, resulted in a dramatic increase in the recovery of mycobacteria that are relatively more susceptible to alkali treatment ( Fig. 1 to 4 , panels c and d) but had no marked effect on the recovery of other mycobacteria (Fig. 5 through 7) . With 2% NaOH in the digestant solution, reducing or eliminating the treatment time did not increase contamination when PB was not added to digested specimens prior to centrifugation. (This, on the other hand, led to a slightly decreased recovery of some mycobacteria, e.g., Fig. la and b and 2a and b) . The contamination rate was about the same even when lower Decontamination was achieved by the original NALC-NaOH procedure (10) . concentrations of NaOH (1 to 1.5%) were used to treat specimens as described above, provided that the cultures were grown on the selective media. Cultures of the same specimens grown on nonselective standard media, however, were heavily contaminated, especially at 1% NaOH (Table  2) . Neither increasing the volume of the digestant-decontaminant solution in relation to the specimen nor extending the specimen-digestant solution mixing time influenced the culture results. When the sediment was resuspended in pH 5 to 5.5 PB instead of the pH 6.8 solution of the original method (10), a less alkaline inoculum pH of 7 to 8 was generally obtained. On the basis of the results of the laboratory analysis series, the NALC-NaOH procedure was modified as described above and evaluated in comparison with the original procedure in the field trial series. A total of 199 specimens, most of which were sputum, from patients previously known to be positive for mycobacteria were processed. The results indicated no significant differences in the isolation or contamination rates between the original and modified methods (P > 0.05), and the similarity of the two methods was evident from the sum of cultures yielding concordant results (Table  3) . Further, cultures yielding discordant results were equally distributed between both methods, indicating the occurrence of only random errors (Table 3 ). In addition to the concordant results, the growth rates and colony counts were about the same for both methods. The few specimens which were found to be positive by either one method or the other had scant growth, suggesting that the difference was most likely a sampling artifact. The 
DISCUSSION
The specimen decontamination process used to facilitate the isolation of mycobacteria also kills mycobacteria, and the percentage of organisms killed varies depending on the method used and the mycobacterial species present in the specimens. The NALC-NaOH procedure of Kubica et al. (2, 3) uses 2% NaOH as the decontaminant (final specimen concentration of 1%) and is a relatively mild decontamination method. However, even with this procedure, the loss of mycobacteria could be as much as 104 depending on the species present (unpublished observation). Many mycobacterial species are not as plentiful in clinical specimens as is M. tuberculosis, and these are also generally more susceptible to alkali treatment than is M. tuberculosis. Therefore, direct culturing of specimens on selective media without prior decontamination is highly desirable. Our attempts to use this approach proved to be unsatisfactory, particularly for mailed-in specimens. These results reiterated the importance of specimen decontamination, without which the contamination rate reached unacceptably high levels and lead to a loss of cultures and poor isolation rates regardless of the selective medium used. It should be mentioned that the workers who originally developed the selective agar medium also found the medium to be of benefit for direct culturing of only lightly contaminated specimens (6). Although we have found that S-7H10 and S-LJ media are inhibitory to certain species and strains of mycobacteria, we consider them to be highly useful and a valuable adjunct to nonselective media in culturing decontaminated specimens as previously described (4).
The modified NALC-NaOH procedure eliminates two steps in the original procedure, i.e., the 15-to 20-min decontamination time following the digestion of specimens and the addition of PB or water to digested specimens prior to centrifugation. It also uses a more acidic buffer than was originally recommended to resuspend centrifuged sediment; the use of a reduced concentration of NaOH is optional. In essence, the modified method effectively combines the decontamination step with the concentration step and is simpler, faster, and safer than the original method. The addition of PB or water to digested specimens prior to centrifugation is a time-consuming step. More importantly, since the contents are being blended on a Vortex mixer in the preceding digestion step, opening tubes to add the diluent often allows specimens to drip from the cap and/or run down on the outer surface of the tube; the major safety concern is the use of such tubes for the next step, i.e., centrifugation. The modified method not only eliminates this potentially hazardous procedure but also saves technologists' time and is likely to minimize the chance for cross-contamination in sequential specimen processing. It was proposed that the addition of PB to digested specimens resulted in the increased isolation A reduced concentration of NaOH in the digestant solution may also be considered as a means to compensate for the increased exposure to the alkali in the modified method. There is no doubt that treatment of specimens with reduced concentrations of NaOH results in a dramatic increase in the recovery of some mycobacterial species that are relatively more susceptible to the alkali. This, however, may be offset by an increase in the contamination rate, especially when cultures are obtained on nonselective media. On the basis of our experience, we recommend the modified NALC-NaOH method with 1.5% NaOH for the digestion and decontamination of specimens in the isolation of mycobacteria. Ideally, the maximum alkali exposure time should not exceed 30 min per specimen when 24 or more specimens are processed, and the minimum should be about 25 min when fewer specimens are processed. Selective media should be used in conjunction with nonselective media for culturing for maximum isolation with minimum contamination. The routine protocol in the St. John's Laboratory consists of the use of S-LJ, standard LJ, and selective 7H10 media for culturing.
We carried out extensive trials with seeded sputum and urine specimens in standardizing the modified NALC-NaOH method. Nevertheless, experimental studies may not accurately simulate natural conditions. Although the field trials included a large number of M. tuberculosis specimens, they were rather limited in terms of other commonly encountered mycobacterial pathogens. Therefore, while we recommend the modified NALC-NaOH procedure for routine application, we suggest a cautious approach. Parallel comparisons of the modified and standard methods may be worthwhile under individual settings, particularly with specimens containing rapid growers such as M. chelonae and M. fortuitum, before implementation of the modified NALC-NaOH method as a routine procedure.
